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© Hybrid polypeptides and process for their preparation. * 

© Novel circular vectors containing a repticable DNA sequ- 
ence and DNA sequences encoding all or part of at least two 
distinct parental polypeptides are disclosed. Such vectors are 
used in novel processes utilizing in vivo recombination to pro- 
duce recombined circular vectors containing said replicabte 
DNA sequences and hybrid DNA sequences comprising: (1 ) a 
first DNA sequence encoding the amino-terminal portion of a 
hybrid polypeptide corresponding to a first part of a first par- 
ental polypeptide sequence and (2) a second DNA sequence 
encoding a carboxy-terminal portion of said hybrid poly- 
peptide corresponding to a first part of a second parental poly- 
peptide sequence. The hybrid DNA sequences of such recom- 
bined circular vectors can express novel hybrid polypeptides 
such as hybrid enzymes in general and In particular hybrid 
- amylases and proteases. Verious other processes are dis- 
closed to isolate the recombined circular vector containing 
said hybrid DNA sequences. 
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HYBRID POLYPEPTIDES AND PROCESS FOR THEIR PREPARATION 



5 The present invention is directed to hybrid polypeptides 
and processes for making the same. More particularly, the 
invention provides processes for producing hybrid DNA 
sequences which can express hybrid polypeptides having 
novel polypeptide sequences and novel physical properties. 

10 



Advances in the field of recombinant DNA technology have 
resulted in the cloning of various naturally occurring DNA 

15 sequences and the expression of the underlying recombinant 
DNA to produce biologically active recombinant 
polypeptides. For example, human growth hormone has been 
produced in E. coli by fusing the coding sequences for this 
protein to an E, coli promoter In a second example, 

20 tissue plasminogen activator, another rare human protein, 
has also been produced in E. coli (2) ♦ 

Modifications of certain recombinant polypeptides have been 
made to investigate the properties of such modified 

25 polypeptides. To this end, naturally occurring DNA se- 
quences have been cloned and modified by deleting or 
replacing amino acid residues of the naturally occurring 
polypeptide to modify the physical properties of the 
recombinant polypeptide, as for example, by site -directed 

30 mutagenesis as disclosed in U.S. Patent No. 4,518,584. 
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Recombinant polypeptides have also been modified by fusing 
recombinant DNA sequences. For example, the signal se- 
quence from a plasmid-derived beta-lactamase was positioned 
at the amino-terminus of proinsulin through a common 
restriction site to facilitate the secretion of proinsulin 
(3). 

Two different human alpha interferon DNA sequences have 
been combined by way of a common restriction site to form a 
DNA sequence containing sequences from alpha-1 interferon 
and alpha-2 interferon as described by Weissman (4) . The 
alpha interferons expressed by such fused alpha interferon 
DNA sequence, however, demonstrated limited biological 
activity. - 

A major limitation in producing modified polypeptides by 
combining the underlying DNA at a restriction site, at more 
than one restriction site by way of a bridging synthetic 
oligonucleotide or by combining synthetic oligonucleotides 
to form the entire modified DNA sequence lies in the 
enormous amount of work which is required to produce a 
particular modified recombinant polypeptide. For example, 
such modifications require knowledge of the DNA and/or 
polypeptide sequence which if not available must be de- 
termined. Moreover, even if such sequences are known, the 
task of producing a modified polypeptide is far from simple 
and may result in a biologically inactive molecule. 

Weber, et al. , (5) disclose a method for making modified 
genes by in vivo recombination between DNA sequences 
encoding an alpha-1 and an alpha-2 human interferon se- 
quence. A linear DNA sequence containing a plasmid vector 
flanked by the alpha-2 interferon gene on the 5' end and a 
portion of alpha-1 interferon gene on the 3* end was used 
to transfect a rec A positive strain of E. coli . 
Circularization of the linear plasmid by in vivo recom- 
bination between the partially homologous interferon gene 
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sequences produced a number of modified interferon genes 
containing various portions of the alpha-1 and alpha- 2 
interferon gene sequences. Weber reports that some of 
these modified alpha interferon genes expressed modified 
alpha interferons having biological activity similar to 
unmodified alpha-2 interferons. 

The efficiency of producing modified genes and polypeptides 
by in vivo circularization (recombination) of linear 
plasmids, as disclosed by Weber (5), is limited by the 
relative inefficiency of linear plasmids to transfect 
microorganisms as compared to circular plasmids. In 
addition , the two different but related genes on such 
linear plasmids are always separated by a replicable 
plasmid sequence* Circularization requires that the ends 
of the vector containing the two genes overlap to bring the 
two genes into close proximity with each other. The 
efficiency of recombination may therefore be limited by the 
linearity of such plasmid constructions. 

We have now developed circular vectors containing 
replicable DNA sequences and DNA sequences encoding 
at least two different parental polypeptides and 
recombined circular vectors containing the replicable 
DNA sequences and a hybrid DNA sequence encoding a 
hybrid polypeptide corresponding to part of each 
parental polypeptide. 

We have now developed efficient processes for making 
such recombined circular vectors and hybrid 
polypeptides, as well as additional processes for 
isolating such recombined circular vectors. 
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We have furthermore developed biologically active 
hybrid polypeptides containing segments of 
polypeptide sequences derived from at least two 
parental polypeptides, as well as biologically active 
5 hybrid enzymes such as hybrid amylases and hybrid 
proteases. 



Novel circular vectors containing a replicable DNA sequence 
and parental DNA sequences encoding all or part of at least 

io two distinct parental polypeptides are disclosed. Such 
vectors are used in novel processes to produce recombined 
circular vectors containing said replicable DNA sequences 
and hybrid DNA sequences comprising: (1) a first DNA 
sequence encoding the ajnino-terminal portion of a hybrid 

15 polypeptide corresponding to a first part of a first 

parental polypeptide sequence and (2) a second DNA sequence 
encoding a carboxy- terminal portion of said hybrid 
polypeptide corresponding to a first part of a second 
parental polypeptide sequence. 

20 First and second parental DNA sequences encoding all or 
part of a first and second parental polypeptide sequence 
are ligated with a replicable DNA sequence to form a 
circular vector wherein said parental DNA sequences are in 
proximity with each other. Rec positive microorganisms are 

25 

transformed with the thus formed circular vector to form a 
cell population containing a multiplicity of said circular 
vector wherein crossover recombination of at least one of 
said circular vectors is mediated by the naturally 
occurring recombination mechanism of the rec positive 

3C 

microorganism. Such crossover recombination of the vector 
excises a third DNA sequence which encodes a second part of 
each of said first and second parental polypeptide 
sequences to form a recombined circular vector comprising 
said replicable DNA sequences and said hybrid DNA sequences 
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which encode a first part of each of said first and second 
parental polypeptide sequences. Such recombined vectors 
may be capable of expressing novel hybrid polypeptides or 
may be further modified to allow such expression. 

5 

A variation of the above described process utilizes a 
unique restriction site which is contained within said 
third DNA sequence. Excision of the third DNA sequence 
produces a recombined circular vector which no longer 

10 contains the unique restriction site. Treatment of isolat- 
ed circular vector and recombined circular vector with an 
endonuclease specific for said unique restriction site 
produces linearized vector and circular recombined vector. 
The circular recombined vector is isolated from linearized 

15 vector by exposing a microorganism to such vectors to 
transform the microorganism with the recombined circular 
vector. 

A process is also disclosed wherein said third DMA sequence 
20 comprises a DNA sequence which prevents expression of the 
second DNA sequence. Such sequences are typically tran- 
scription termination sequences. A functional promoter 
sequence is operably linked to said first DNA sequence. 
When the third DNA sequence is excised by a rec positive 
25 microorganism hybrid polypeptide is expressed. Such 
expression can be used to identify transf ormants which 
contain recombined vector. 

This latter process can be further modified by positioning 
30 a fourth DNA sequence three prime to said second DNA 
sequence. This fourth DNA sequence encodes a defined 
selection characteristic, such as tetracycline resistance, 
which may be used to isolate transf ormants containing 
recombined vector which express the defined selection 
35 characteristics as a result of the excision of said third 
DNA sequence. 
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Figure 1 depicts a partial restriction map of the alpha 
amylase DNA sequences derived from B, lichenif ormis and 
B. stearothermophilus . 

Figure 2A and 2B depict the nucleotide sequence for the 
alpha amylases derived from B. stearothermophilus and 
B. lichenif ormis and the consensus sequence between each. 

Figure 3a depicts the construction of a plasmid containing 
DNA sequences encoding the alpha amylase of 
B. stearothermophilus . 

Figure 3b depicts the construction of a plasmid containing 
a tandem arrangement of DNA sequences encoding a portion of 
B . stearothermophilus alpha amylase and a portion of 
B. lichenif ormis alpha amylase. 

Figure 4 depicts the construction of a plasmid containing 
DNA sequences encoding alkaline proteases from B. subtilis 
and B . amyloliquef aciens which are separated by a synthetic 
oligonucleotide containing three unique restriction sites. 

Figure 5 depicts the thermal stability of various hybrid 
alpha amylases at 90°C as a function of time. 

Figure 5 depicts the amino acid sequence for the alpha 
amylases derived from B. stearothermophilus and 
B. lichenif ormis and the consensus amino acid sequence 
between each. 

Figure 7 depicts the specific activity of various hybrid 
alpha amylases at various temperatures. 

Figure 8 depicts the construction of a plasmid containing 

DNA sequences encoding alpha amylases from 

B . stearothermophilus and B. lichenif ormis wherein the 




0208491 

-7- 

alpha amylase DNA sequences are separated by a 
synthetic transcription termination sequence and a DNA 
sequence encoding tetracycline resistance is 
positioned 3' to the sequences encoding the alpha 
5 amylase from B . s tearothermophilus . 

Detailed Description 

The inventor has demonstrated that novel hybrid 
polypeptides having unique biological activity can be 
produced by homologous crossover recombination of DNA 

10 sequences contained on a circular vector* Parental 
DNA sequences encoding all or part of at least two 
different polypeptides were ligated with a replicable 
DNA sequence to form a circular vector. The parental 
DNA sequences may be joined in tandem relationship 

15 whereby said sequences are in very close proximity or 
may be inserted at various positions within the 
circular vector to vary their proximity. Such 
variation in proximity may be useful in controlling 
the efficiency of recombination or may impose physical 

20 restraints which limit the regions in such parental 
DNA sequences wherein recombination may occur. Rec 
positive microorganisms transformed with the thus 
ligated circular vector were believed to initiate 
crossover recombination in regions of sequence 

25 homology between the parental DNA sequences. 

Recombined circular vectors were formed containing 
hybrid DNA sequences containing various portions of 
each parental DNA sequence. The point of actual 
crossover did not necessarily correspond to those 

30 regions of the parental DNA sequences which were 
homologous, such homology only being necessary to 
initiate crossover recombination. These hybrid DNA 
sequences encoded biologically active polypeptides 
which contained various amino- terminal and 

35 carboxy-terminal portions derived from each of the 
parental polypeptides. 
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As used herein, a "hybrid polypeptide" refer 8 to 
recombinant polypeptides having an amino acid sequence 
which is a combination of partial sequences derived from at 
least two parental amino acid sequences. In some of the 

5 various preferred embodiments disclosed, hybrid 

polypeptides contained a variable amount of the amino- 
terminal peptide sequence derived from a specific 
B. stearothermophilus alpha amylase and a carboxy-terminal 
peptide sequence derived from a specific B, licheniformis 

10 alpha amylase. Other embodiments disclose hybrid 

polypeptides containing variable amounts of amino- terminal 
sequences derived from a specific B . subtilis alkaline 
protease and carboxy-terminal amino acid sequences from a 
specific B. amyloliquefaciens alkaline protease. 

15 

These specific embodiments are presented by way of example 
and are not intended to limit the scope of the present 
invention. In particular, alpha amylases or alkaline 
proteases from sources other than those specifically 

20 disclosed may be employed in practicing the present in- 
vention. Such parental polypeptides include for example 
alpha amylases derived from B. coagulans (e.g., ATCC 7050), 
B » amylolique f aciens (e.g., ATCC 23842) , B. megaterium 
(e.g., ATCC 6458), B. alcalophilus (e.g., ATCC 21591), and 

25 B, cereus (e.g. ATCC 21768). Examples of other alkaline 
proteases include those derived from B» licheniformis (e.g. 
ATCC 21415), B. alcalophilus (e.g., ATCC 21522) and 
B. cereus (e.g. ATCC 21768). 

30 In general, the present invention may also be used to 
generate hybrid polypeptides by combining amino acid 
sequences from related or unrelated polypeptides* Hybrid 
polypeptides containing related amino acid sequences may 
exhibit unique physical properties whereas hybrids of 
unrelated polypeptides may produce a bifunctional hybrid 
polypeptide. The only limitation in choosing parental 
polypeptides is functional. The underlying DNA sequences 
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encoding each of the parental polypeptides must have 
sufficient sequence homology to permit in vivo recom- 
bination. 

5 Examples of various parental polypeptides which may be 
combined according to the present invention include 
plasminogen activators, growth hormones r interferons, 
lymphotoxins , aspartyl proteases, B. thuringiensis toxins, 
celluloses, and glucoamylases . 

10 

A "hybrid DNA sequence" is a DNA sequence encoding the 
above described hybrid polypeptides. In some disclosed 
embodiments such hybrid DNA sequences further include a 
functional promoter operably linked to said hybrid DNA 

15 sequence whereby the hybrid polypeptide encoded by the 

underlying hybrid DNA can be expressed. Such promoters may 
be the native promoter of a parent DNA sequence or may be 
derived from sources known to those skilled in the art and 
functionally inserted by well known methods to effect 

20 expression of hybrid polypeptide. In some embodiments a 
promoter sequence is not required to produce a hybrid DNA 
sequence. A promoter sequence may be introduced into such 
recombined vectors after recombination to enable expression 
of the hybrid DNA sequence. 

25 

A "parental DNA sequence" refers to a DNA sequence encoding 
all or part of a particular polypeptide sequence. As 
disclosed herein, a first part from at least two parental 
DNA sequences are recombined in vivo to form a hybrid DNA 
30 sequence encoding a hybrid polypeptide. Depending on the 
particular embodiment, a second part of each parental DNA 
sequence is excised during formation of said hybrid DNA 
sequence. 

35 A "rec positive microorganism" refers to genotypes of 

prokaryotic and eukaryotic microorganisms which "are capable 
of recombination and in particular are capable of mediating 
recombination of the circular vector of the present 




0208491 

- 10 - 

invention. Such microorganisms in general include 
prokaryotes such as Bacillus , E. coli and other species of 
the Enterobacteriaciae bacteria, Fseudomonas , 
Corynebacteria , Lactobacilli , Streptomyces , and 
5 Agrobacterium , and eukaryotes such as Saccharomyces 
cerevisiae and other yeasts, Aspergillus and other 
filamentous fungi, and tissue culture cells from avian or 
mammalian origins. 

10 The "replicable DNA sequences" which form a part of the 
circular vector and recombined vector of the present 
invention contain replication and control sequences which 
are derived from vector species which are compatible with 
the particular rec positive microorganism used to mediate 

15 in vivo recombination. Such replicable DNA sequences 

ordinarily carry a replication site as well as sequences 
which encode proteins that are capable of providing 
phenotypic selection in transformed cells. For example, 
when a rec positive E. coli is chosen for in vivo recom- 

20 bination, DNA sequences derived from pB542(17) (ATCC 

#37279), pBR322{25) (ATCC #37017), pUC series plasmid (26) , 
and RSF1010(44) may be used. When a rec positive eukaryote 
such as Saccharomyces , Aspergillus , or mammalian tissue 
culture cells is used replicable DNA sequences may be 

25 derived respectively from the yeast 2-p vector (35) , the 
Aspergillus integration vector p3SR2(36) and SV40(37). 

As used herein, a functional promoter operably linked to a 
coding DNA sequence refers to a promoter sequence which 

30 controls the transcription and translation of the coding 
sequence. The promoter sequence is chosen so that it is 
functional in the microorganism chosen for expression. For 
example promoter sequences (including ribosome binding 
sites) derived from Lambda P L (38), as well as the trp(39) 

35 or tac(40) promoters may be operably linked to coding 
sequences to express polypeptide in E. coli . When 
B. subtilis is the expression host the B. subtilis alkaline 
protease promoter (32) or alpha amylase promoter of 
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B . amyloliquef aciens (41) may be used. Expression in yeast 



may be under the control of the promoter for the GAPDM of 
S. cerevisiae (42) while expression in filimentous fungi 
may be mediated by the promoter for B-glucosidase from 
5 Aspergillus niqer (43). The early promoter of SV40(37) is 
preferred for expression in mammalian cells. 

General Methods 



"Digestion" of DNA refers to catalytic cleavage of the DNA 
with an enzyme that acts only at certain locations in the 
DNA. Such enzymes are called restriction enzymes, and the 
sites for which each is specific is called a restriction 

15 site. "Partial 11 digestion refers to incomplete digestion 
by a restriction enzyme, i.e., conditions are chosen that 
result in cleavage of some but not all of the sites for a 
given restriction endonuclease in a DNA substrate. The 
various restriction enzymes used herein are commercially 

20 available and their reaction conditions, cof actors and 
other requirements as established by the enzyme suppliers 
were used. In general, about 1 microgram of plasmid or DNA 
fragment is used with about 1 unit of enzyme and about 20 
microliters of buffer solution. Appropriate buffers and 

25 substrate amounts with particular restriction enzymes -are 
specified by the manufacturer. Incubation times of about 
one hour at 37 °C are ordinarily used, but may vary in 
accordance with the supplier^ instructions. After incu- 
bation, protein is removed by extraction with phenol and 

30 chloroform, and the digested nucleic acid is recovered from 
the aqueous fraction by precipitation with ethanol. 
Digestion with a restriction enzyme may be followed by 
bacterial alkaline phosphatase hydrolysis of the terminal 
5' phosphates to prevent the two restriction cleaved ends 
of a DNA fragment from forming a closed loop that would 
impede insertion of another DNA fragment at the restriction 
site. 



10 
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"Recovery" or "isolation" of a given fragment of DNA from a 
restriction digest means separation of the digest by a 
polyacrylamide gel electrophoresis, identification of the 
fragment of interest by comparison of its mobility versus 
5 that of marker DNA fragments of known molecular weight, 
removal of the gel section containing the desired fragment, 
and separation of the DNA from the gel generally by 
electroelution (6,7) . 

10 "Ligation" refers to the process of forming phosphodiester 
bonds between two double-stranded nucleic acid fragments 
(8) . Unless otherwise stated, ligation was accomplished 
using known buffers in conditions with ten units of T4 DNA 
ligase ("ligase") per 0.5 microgram of approximately equal 

15 molar amounts of the DNA fragments to be ligated. 

"Transformation" means introducing DNA in to an organism so 
that the DNA is replicable, either as an extrachromosomal 
element or chromosomal integrant. Unless otherwise stated, 
20 the method used herein for transformation of E. coli is the 
CaCl 2 method of Mandel (9) and for Bacillus , the method of 
Anagnostopolous (10) . 

"Oligonucleotides"" are short length single or double 
25 stranded polydeoxynucleotides which were chemically syn- 
thesized by the method of Crea et al. , (11) and then 
purified on poly-acrylamide gels. 

"Preparation" of DNA from transf ormants means isolating 
30 plasmid DNA from microbial culture. Unless otherwise 
provided the alkaline/SDS method was used (12) • 

The following specific examples are intended to illustrate 
more fully the nature of the present invention without 
acting as a limitation upon its scope. 
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EXAMPLES OF PREFERRED EMBODIMENTS 

In one example of a preferred embodiment, 
B. stearothermophilus alpha amylase DNA sequences contain- 
5 ing the native promoter for B . stearothermophilus alpha 
amylase operably linked to the entire DNA sequence encod- 
ing B . stearothermophilus alpha amylase was cloned and 
isolated. The DNA sequence encoding the alpha amylase of 
B. licheniformis was similarly cloned. 

10 

A PstI restriction site near the 5' end of the structural 
DNA sequence encoding B. licheniformis alpha amylase and a 
PstI restriction site near the 3 f end of the structural DNA 
sequence encoding B . stearothermophilus alpha amylase were 
15 used to ligate DNA sequences encoding each of the parental 
amylases in a tandem arrangement on a circular vector. 

Homologous crossover recombination between the alpha 
amylase DNA sequence was mediated by a rec positive micro- 
20 organism to form hybrid DNA sequences encoding a number of 
hybrid amylases derived from B. licheniformis and 
B . stearothermophi lus . Trans formants containing such 
hybrid DNA sequences were identified by detecting hybrid 
alpha amylase activity. 

25 

In an example of another embodiment, vector which had not 
undergone homologous crossover recombination was 
linearized by digestion with PstI. Vectors which had 
recombined to form hybrid DNA sequence encoding hybrid 

30 alpha amylases no longer contained the PstI site used to 
join the two alpha amylase DNA sequences. Since such PstI 
site was unique in the vector constructed, recombined 
vector resisted linearization. Such non-linearized re- 
combined vector was isolated from linearized vector by 

35 transformation of a second microorganism. 

In both embodiments crossover recombination initiated at 
homologous sequences of the B. stearothermophilus and 
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B. licheniformis alpha amylase encoding DNA sequences 
formed mutant vectors containing hybrid DNA sequences 
encoding the promoter of B. stearothermophilus alpha 
amylase, various portions of the amino-terminal sequence of 

5 B . stearothermophilus alpha amylase and various portions of 
the carboxy-terrainal sequence of B. licheniformis alpha 
amylase. The various hybrid alpha amylases expressed by 
such hybrid DNA sequences demonstrated unique properties as 
compared to the parental alpha amylases from 

10 B . stearothermophilus and B. licheniformis . Other examples 
of preferred embodiments are also disclosed. 

EXAMPLE 1 

15 A. Cloning of the alpha amylase genes of Bacillus 
licheniformis and Bacillus stearothermophilus . 

B. licheniformis or B. stearothermophilus DNA was partially 
digested with Sau3A and DNA fragments larger than 6 kb 

20 (kilobases) were separated on sucrose gradients. The 

B. licheniformis strain used as a source of genomic DNA was 
strain MCIB 80 61 obtained from the National Collection of 
Industrial Bacteria, Torrey Research Station, Aberdeen, 
Scotland. The B . stearothermophilus strain used as a 

25 source of genomic DNA was strain NZ-3 which has been 
deposited by Assignee in the American Type Culture 
Collection under accession number 39536. The bacteriophage 
lambda vector A1059 (13) was completely digested with BamHI 
and treated with calf intestinal phosphatase to minimize 

30 self-ligation. 500 ng of vector and 500 ng of bacterial 
DNA fragments were ligated in a 20 ul reaction volume using 
T4 DNA ligase. The DNA contained in the reaction was 
packaged in vitro using . a commercial (Promega Biotec) 
(Madison, WI) packaging extract (14) and then used to 

35 infect E. coli Q358 (15) (6) and Q359, (a P2 lysogen of 

Q358) (15) . The number of recombinant plaques was approxi- 
mately 2.5xl0 3 in typical reactions. 
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Approximately 5x10 plaques were plated onto E . coli Q359 
bacteria on LB plates containing 0.5% 6tarch to screen for 
alpha amylase activity. These plates were exposed to 
iodine vapors to stain the starch (16). Five plagues which 

5 were surrounded by clear halos were found in the 

B. licheniformis library. Three such plagues were found in 
the B . stearothermophilus library. DNA was prepared from 
each one of the amylase positive B. licheniformis phage 
(designated X-amy-BL) and the B . stearothermophilus phage 

10 (designated A-amy-BS) . 

Referring now to Fig. 3B, the E. coli-B. subtilis shuttle 
vector pBS4-2 (17), ATCC 37279, was cleaved with BamHI or 
EcoRI and treated with calf intestinal alkaline phosphatase 

15 to minimize self ligation. This cleaved shuttle vector was 
ligated with DNA from A-amy-BL which had also been digested 
with BamHI or EcoRI respectively. Transformation of 
E. coli 294, (18), ATCC No. 31446, gave rise to numerous 
chloramphenicol resistant trans fbrmants, many of which 

20 showed clear halos when stained with iodine vapors. 

Digestion of each one of the amylase positive (amy+) BamHI 
and EcoRI subclones revealed inserted fragments of 9.4 kb 
and 3.2 kb respectively. These results show that the alpha 
amylase gene of B. licheniformis was contained entirely 

25 within either of these fragments. The* EcoRI subclone was 
designated pBS42-BL and is shown in Fig. 3B. 

The plasmid pBS42-BL was subjected to further digestions 
with various restriction enzymes in order to generate the 

30 restriction map depicted in Fig. 1. Various subfragroents 
of the inserted DNA were subcloned into Ml 3 sequencing 
vectors (19) in order to determine preliminary DNA sequence 
information by the dideoxy chain termination method (21) . 
Sequences near the unique Kpnl site were found to be highly 

35 homologous to those of the alpha amylase gene of 

B. amyloliquef aciens . By making the assumption that the 
B. licheniformis amylase gene was structurally similar to 
th « B. amyloliquef aciens gene (41) the appropriate 
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fragments to sequence in detail were easily chosen. 
Figure 1 shows the regions that were completely sequenced. 
An open reading frame of 1536 bp was found which had a high 
degree of homology to the entire alpha amylase gene of 
5 B . amyloliquef aciens . The DNA sequence of B. licheniformis 
alpha amylase is shown in Fig. 2A and 2B. 

DNA from A-amy-BS was digested with various restriction 
enzymes, separated on a 1% agarose gel, transferred to a 

10 nitrocellulose filter (21), and subjected to DNA -DNA 
hybridization (22) . The probe used was the Pstl-SstI 
fragment containing most of the coding sequences of the 
B » licheniformis amylase gene (Fig. 1). This fragment was 
radioactively labeled with y- 32 ** using the nick translation 

15 method (23) . Hybridization was performed under standard 
high stringency conditions (24) . A BamHI fragment of 
1.8 kb and a Sal X fragment of 1.8 kb were among the 
positively hybridizing fragments. Both of these fragments 
were subcloned into pBR322 f and cleaved with BamHI or Sal I 

20 and ligated with BamHI or Sal I digested pBR322 to generate 
plasmids pBR322BS-B and pBR322BS-S as depicted in 
Figure 3A. A detailed restriction map of the inserted 
fragments is shown in Fig. 1. This information was used to 
isolate a variety of subfragments for cloning into Ml 3 

25 sequencing vectors for preliminary DNA sequence analysis. 
Sequences near the unique Kpnl site were found which were 
highly homologous to those of the alpha amylase genes of 
both B . amyloliquef aciens and B. licheniformis . Assuming 
that the structure of the B . stearothermophilus alpha 

30 amylase gene was similar to the other two it was possible 
to choose which other subfragments of the inserted 
fragments in pBR322BS-B and pBR322BS-S to sequence 
completely. The entire sequence of B. stearothermophilus 
alpha amylase is shown in Fig. 2A and 2B. These studies 

35 revealed a 1581 bp open reading frame which was highly 
homologous to that of the other alpha amylase genes. 
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B. Construction of B. stearothermophilus alpha amylase 
plasmid vector pUC13BS and B. stearothermophilus- 
■B. licheniformis alpha amylase precursor plasmids 
PUC13BSBL and pBS42BSBL . 

As depicted in Figure 3A, DNA from pBR322BS-B was digested 
with BamHI and a 1.8 kb fragment (fragment A) was isolated. 
Plasmid pBR322BS-S was doubly digested with BamHI and Sal I 
and a 1.8 kb fragment (fragment B) was isolated. Plasmid 
pBR322 was doubly digested with BamHI and Sal I and the 
larger vector fragment (fragment C) was isolated. Frag- 
ments A, B r and C were joined by ligation. The reaction 
was transformed into E. coli 294. One ampicillin resistant 
colony, containing plasmid pBR322BS was isolated. This 
plasmid was digested completely with .Hindlll and partially 
with Sal I and a 4.2 kb fragment (fragment D) was isolated. 
The vector pUC13 (26) was digested with with Hindlll and 
Sal I and the larger vector fragment (fragment E) was 
isolated. Fragments D and E were joined by ligation and 
transformed into E. coli 294. An ampicillin resistant 
colony containing plasmid pUC13BS was isolated. This 
colony was found to produce a zone of clearing on an LB 
starch agar plate, and therefore was presumed to contain on 
its plasmid the entire gene of B . s tearothe rmophi lus alpha 
amylase. 

Referring now to Fig. 3B # the B. licheniformis alpha 
amylase plasmid pBS4 2BL was cleaved with SstI and PstI and 
the smaller fragment (fragment F) was isolated. The 
B. stearothermophilus plasmid pUC13BS was also cleaved with 
SstI and Psti and the larger vector fragment (fragment G) 
was isolated. Fragments F and G were joined by ligation 
and then used to transform E. coli 294. One ampicillin 
resistant colony containing plasmid pUC13BSBL was selected. 
This colony did not produce an active alpha amylase as 
determined by its failure to produce a halo of clearing on 
an LB starch agar plate. This result was expected because 
pUC13BSBL lacks the carboxy-terminal codons of the 
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B. stearothermophilus alpha amylase gene and also the 
amino- terminal codons of the B. licheniformis alpha amylase 
gene. In addition the codons of the latter gene are not in 
the same reading frame as those of the former gene. The 

5 plasmid pUC13BSBL was cleaved completely with BamHI and 
partially digested with EcoRI. Fragment H was isolated. 
The E. coli-B. subtilis shuttle vector pBS42 was digested 
with BamHI and EcoRI and the larger vector fragment (frag- 
ment I) was isolated. Fragments H and I were joined by 

10 ligation and transformed into E. coli 294. One 

chloramphenicol resistant trans formant, pBS4 2BSBL was 
saved. This colony produced no alpha amylase as determined 
by its failure to produce a halo of starch clearing on LB 
starch agar plates. This was expected because this plasmid 

15 contains the same alpha amylase sequences as pUC13BSBL. 

c - The generation of hybrid alpha amylase DNA sequences 
and expression of their encoded hybrid proteins . 

20 Ten ng of plasmid pBS42BSBL was used to transform 

E » coli 294 <rec A positive) . The reaction was plated on 
LB-starch plates supplemented with 12.5 ug/ml 
chloramphenicol. About 3xl0 4 colonies were obtained. Six 
of these produced halos due to starch hydrolysis. These 

25 colonies were presumed to contain plasmids in which the 
B. stearothermophilus and B. licheniformis alpha amylase 
DNA seguence within the plasmid had recombined by homolo- 
gous recombination to give rise to hybrid DNA sequences 
encoding active hybrid alpha amylases. The region of 

30 homology (in which recombination was expected to occur) 
between the two alpha amylase gene fragments in pBS42BSBL 
is about 1.0 kb. These data would therefore indicate that 
the frequency for such recombination events was 6/3xl0 4 or 
2xl0" 4 . 
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In order to reduce the background of colonieB containing 
pBS42BSBL a plasmid preparation from pBS42BSBL transformed 
E» coli 294 was digested with PstI prior to a second 
transformation. It was reasoned that in all cases in which 
recombination between the B. stearothermophilus and 
B. lich eniformis gene fragments had occurred the PstI site 
(unique in the plasmid) would have been deleted. Thus such 
hybrid recombined plasmids would be resistant to PstI 
digestion, whereas unrecombined plasmids would be 
linearized by PstI digestion. The transformation efficien- 
cy of circular plasmids is two to three orders of magnitude 
greater than that for such linearized forms. It was 
therefore expected that the digestion of the pBS42BSBL with 
PstI prior to transformation would increase the ratio of 
colonies containing the recombined plasmids to those 
containing unrecombined plasmids. Thus 1000 ng of a 
Pstl-treated plasmid preparation from pBS42BSBL transformed 
E. coli 294 was used to transform E. coli 294 a second 
time. 2032 colonies were obtained. 517 (approximately 
25%) produced halos of starch hydrolysis on LB starch agar 
plates indicating the synthesis of active hybrid alpha 
amylase. 



EXAMPLE 3 

A * Characterization of the hybrid DNA sequences contained 
in alpha a mylase producing pBS42BSBL transf ormants of 
E. coli 294 . 

The assumption was made that the amy+ colonies arose as a 
result of single crossover events within the pBS42BSBL 
plasmid between the B. stearothermophilus and 
B. licheniformis gene fragments in a region in which they 
have sequence homology. it was reasoned that such re- 
combined genes would contain 5' sequences contributed by 
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the B . stearothermophilus gene and 3 1 sequences contributed 
by the B. llcheniformis gene. In order to verify this 
notion the following experiment was performed. Low 
homology regions of 16-18 nucleotides at intervals of about 

5 150 bp were selected. Oligonucleotides, indicated as 

probes 1-9 in Figure 2A and 2B, corresponding to the sense 
strand of the B . stearothermophilus gene in these regions 
were synthesized (11). These oligonucleotides were end- 
labeled with y 32 P-ATP and T4 polynucleotide kinase in order 

10 to produce hybridization probes to detect B. stearothermophilus 
sequences. It was reasoned that all sequences 5* of the 
crossover locus would be derived from the B. stearo- 
thermophilus gene and would therefore hybridize to the 
corresponding (perfect homology) oligonucleotide probes. 

15 Sequences 3 f of the crossover locus would be derived from 
the B. licheniformis gene and would therefore fail to 
hybridize to the corresponding (low homology) oligonucleo- 
tide probes under the conditions employed. Twelve amy+ 
colonies postulated to contain recombined hybrid alpha 

20 amylase DNA sequences as well as colonies containing 

pUC13BS, pBS42BL, and pBS4 2BSBL were selected for DNA-DNA 
hybridization with each of the oligonucleotide probes. All 
of these colonies were inoculated onto each of 9 
nitrocellulose filter paper strips. These strips were 

25 placed on an LB agar plate. The plate was incubated 

overnight at 37°C to allow colony growth. The filters were 
then prepared for hybridization by standard methods (27) . 
In separate vessels the nine strips were incubated with 
each of the oligonucleotide probes using standard methods 

30 for low stringency hybridization. (2) The filters were 
washed in 2xSSC and 0.1% SDS at 37°C, then air dried and 
autoradiographed. The results are shown in Table 1. 
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As expected the probes all hybridized to 
B . s tearo thermophi lus sequences but not to B. lichenif ormis 
sequences. This is indicated by positive signals of 
hybridization with all probes to the DNA from cells con- 
taining pUC13BS which contains the entire 
B. stearothermophilus alpha amylase gene and negative 
hybridization signals to the DNA of cells containing 
PBS42BL which contains the entire B. lichenif ormis alpha 
amylase gene but no sequences from the 
B. stearothermophilus gene. The DNA from cells containing 
pBS42BSBL gave positive signals with all probes except 
probe 9 because probe 9 corresponds to a region of the 
B. stea rothermophilus gene 3' of that present in this 
plasmid . 

The 14 putative hybrids showed a variety of hybridization 
patterns. For example hybrids 1, 2, 3, and 4 hybridized to 
probe 1 but not to the other (more 3') probes 2-8. This 
indicated crossover between sequences corresponding to 
probes 1 and 2. In another example, hybrid 9 hybridized to 
probes 1-4 but not to the more 3' probes 5-9. This in- 
dicated a crossover between the sequences corresponding to 
probes 4 and 5. As shown in Table 1 other crossover 
regions were similarly identified^in the remaining hybrids. 
In other experiments (not shown) hybrids with crossovers 
between any pair of probe regions were found although with 
highly variable frequencies, e.g. crossovers between probes 
1 and 2 were very common (about 20%) whereas crossovers 
between probe regions 2 and 3 were quite rare (about 1%) . 

The above results indicate that the crossovers between the 
alpha amylase gene fragments were widely dispersed over the 
approximately 1.0 kb region of homology between the two 
genes. However, it was of interest to study this dis- 
tribution in more detail. Thus we determined the DNA 
sequence of the hybrid genes in their crossover regions by 
direct sequencing of sodium hydroxide collapsed plasmids 
using the dideoxy chain termination method (28). For a 
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given hybrid, synthesis was primed using the most 3- 
synthetic oligonucleotide which hybridized to the hybrid. 
In all cases the sequences determined clearly Bhowed the 
crossover loci. The crossover loci for the twelve hybrids 
are shown in the stippled boxes of Fig. 2A and 2B. For 
example, in hybrid 9 {Fig. 2A) the crossover occurred 
between bp 585 and bp 600, as indicated by the presence of 
sequences derived from the B. stearothermophilus gene 5- of 
this region and the sequences derived from the 
B. liche niformis gene 3 f of this region. 

B - Analysis of the h ybrid alpha amylase enzymes produced 
by plasmid hybrids 4, 6, and D . 

£ - coli 294 cells containing pBS42BL or plasmid hybrids 4, 
6 or D were cultured overnight in shaker flasks (120 rpm) 
containing LB medium supplemented with 12.5 ug/ml chloram- 
phenicol. E. coli 294 cells containing plasmid pUC13BS 
were similarly cultured except that 50 ug/ml of carbeni- 
cillin rather than chloramphenicol was added to the LB 
medium. Cells were collected by centrif ugation and 
fractionated into cytoplasmic and periplasmic fractions by 
the osmotic shock method (29) . These fractions were 
assayed for alpha amy las ^.activity by the micro-Phaedabas 
assay (Pharmacia, Inc., Piscataway, NJ) which measures 
starch hydrolosis. In all cases most of the activity 
(80-85%) was found to be associated with the periplasmic 
fraction. Thus this fraction was used for purification of 
the alpha amylases produced in the five cultures. 

To purify the enzymes, the periplasmic fractions were 
poured over a column containing insoluble starch at 4*c 
which resulted in the binding of the alpha amylases to the 
starch. The enzymes were then eluted from the column by 
raising the temperature to 50 °C. Starch was removed from 
the enzymes by gel permeation chromatography on a P-2 
column (Bio-Rad Laboratories, Richmond, CA) followed by 
DEAE chromatography (30). Each of the purified alpha 
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amylases was pure as judged by its homogeneity on 
SDS-polyacrylamide gels. The protein concentration for 
each purified protein was determined by the dye binding 
method of Bradford (31) . 

5 

The thermostabilities of the purified alpha amylases were 
determined as follows. Equal concentrations of the enzyme 
were incubated at 90«C. Aliquots were removed at various 
times and assayed for alpha amylase activity at 70 °C using 
10 the micro-Phaedabas assay. The results are shown in 

Fig. 5. The parental B. licheniformis enzyme produced from 
the pBS42BL plasmid retains essentially all of its activity 
even after prolonged incubation (120 min.) at 90°C, whereas 
the parental B, stearothermophilus enzyme produced from the 
15 plasmid pUC13BS loses about 50% of its activity under these 
conditions. The hybrid enzymes encoded by the hybrid DNA 
sequences of hybrids 4, 6, and D show a variety of 
thermostabilities. Hybrid 4 retains essentially all of its 
activity after incubation at 90°C for 120 min. As shown in 
20 Fig. 6 this protein is structurally identical to the 

B. licheniformis enzyme except at its amino-terminus where 
the first fifteen amino acids are encoded by the 
_B. stearothermophilus gene. This strong similarity between 
the hybrid 4 protein and the B. stearothermophilus protein 
25 may account for their similar resistance to heat inac- 
tivation. In contrast, hybrid D protein retains only 10% 
of its activity after incubation for 120 min. at 90°C. 
This polypeptide is highly chimeric in that approximately 
its entire amino terminal half is encoded by the 
B. stearothermophilus gene whereas the carboxyl-terminal 
half is encoded by DNA from the B, licheniformis gene (see 
Fig. 6). Since the thermostability of the hybrid 4 protein 
is less than that of either parent it may be that an 
interaction Is) between the amino- terminal and carboxy- 
terminal halves of alpha amylases are required for thermal 
stability and that these interactions are altered in the 
hybrid protein. The protein from hybrid 6 retains about 
50% of its activity after incubation at 90°C for 120 min., 
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and therefore has the same thermostability as the parental 
B . stea rothermophilus enzyme. The hybrid 6 protein is 
composed primarily of residues encoded by the 
B. licheniformis gene but the amino-terminal 73 residues 
are those of the B. stearothermophilus protein (see 
Fig. 6) . This heterologous amino- terminus may have a 
slightly destabilizing effect on the protein structure thus 
possibly contributing to its reduced stability in compari- 
son to the parental B. licheniformis enzyme.. These results 
show that hybrid alpha amylases can be expected to show a 
range of thermostabilities which may be the same or differ- 
ent from those of the parental enzymes. 

The specific activities of the parental and hybrid alpha 
amylases purified as described above ' were also determined 
at four different temperatures. These data are shown in 
Fig. 7. The parental B. stearothermophilus enzyme has the 
highest specific activity at all temperatures, whereas the 
parental B. lich eniformis enzyme is much less active at all 
temperatures. The hybrids 4 and 6 which as described 
above, contain only short stretches o'f amino-terminal 
residues derived from the B. stearothermophilus gene more 
closely resemble the B. licheniformis enzyme in their 
specific activity profiles. Hybrid D alpha amylase, 
however, has specific activities intermediate between those 
of the parental enzymes. The apparent large reduction of 
activity of this enzyme at 90°C compared to 70°C may be 
largely due to its marked instability at 90 °C as noted 
above. These data indicate that hybrid alpha amylases show 
a .variety of specific activities. 



EXAMPLE 4 



In another preferred embodiment, hybrid alkaline proteases 
derived from B. subtilis and B. amyloliguef aciens were 
produced. A synthetic oligonucleotide sequence containing 
more than one unique restriction site was used to link DNA 
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sequences encoding the B. subtilis and B. amyloliquef aciens 
alkaline proteases. Treatment of vector with endonucleases 
specific for each unique restriction site after recom- 
bination in a rec positive microorganism reduced background 
transformation by non-recombined vector. 

A - Constru ction of the B. subtilis-B. amylolicnief aciens 
alkaline protease hybrid precursor plasmid PBS42BSBA . 

As depicted in Figure 4 the plasmid pS168.1 (44,32) 
containing the B. subtilis alkaline protease gene was 
digested with EcoRI and Ncol. The smaller fragment 
(fragment A) was isolated. The plasmid pS4-5 (44,33) 
containing the entire B . amy loliguef aciens alkaline 
protease gene was digested with EcoRI and Aval. The larger 
vector fragment (fragment B) was isolated. Two 
complimentary synthetic oligonucleotides containing Ncol 
and Aval cohesive termini and PstI, Sal I, and Kpnl sites 
between these termini were annealed to form fragment C by 
heating at 95°C and cooling to 23°C. Fragments A, B, and C 
were joined by ligation. The thus ligated vector was used 
to transform E. coli 294. A chloramphenicol resistant 
colony containing the plasmid pBS42BSBA was saved. 
B. subtilis strain BG2036 (44) contains deletions of the 
chromosomal alkaline protease and neutral protease genes. 
Strain BG2036 produced no protease when transformed with 
PBS4 2BSBA as determined by its failure to produce a halo of 
clearing on LB plates containing 0.1% skim milk. This 
result was expected because the plasmid lacks the carboxy- 
terminal codons of the B. subtilis alkaline protease gene 
and the amino- terminal codons of the B. amy loliguef aciens 
alkaline protease gene. In addition the codons of the 
latter gene are not in the same reading frame as those of 
the former gene. in contrast B. subtilis strain BG2036, 
containing either plasmid pS168.1 or pS4-5, produced active 
alkaline protease as determined by the production of halos 
of clearing on LB-skim milk agar plates. This result was 
expected because these latter two plasmids contain complete 
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alkaiine protease genee. It should be noted here that 
E. coli 294 transformed with pS168.1, pS4-5 or pBS42BSBA 
produced no alkaline protease as determined by a lack of 
halo production on LB skim milk agar plates. This may 
5 indicate that Bacillus alkaline protease promoters are not 
active in E. coli although other explanations are possible, 

B. Generation of hybrid alkaline protease DNA sequences 
and expression of hybrid proteins , 

10 

One ng of plasmid pBS42BSBA was used to transform 
E. coli 294. The reaction was plated on LB chloramphenicol 
agar plates. About 2x1 0 3 colonies were obtained. Unlike 
the case for alpha amylases, alkaline proteases are not 

15 expressed in E. coli , even from complete genes. In order 
to determine whether recombination had occurred between the 
homologous regions comprising about 1 kb of the alkaline 
protease gene fragments of B. subtilis and 
B. amyloliquef aciehs present on the plasmid it was 

20 necessary to use a hybridization technique. In the 

hybridization experiment we tested for the presence of 
fragment C in the plasmids contained in the trans formants. 
We reasoned that if recombination between the DNA sequences 
had occurred then in all cases the sequences comprising 

25 fragment C would be deleted , whereas unrecombined plasmids 
would still contain these sequences. The hybridization 
experiment was performed as follows. The colonies were 
lifted from the plates on nitrocellulose filters. The 
filters were then prepared for hybridization by standard 

30 methods (27) . Hybridization was carried out at low 

stringency by standard methods. The probe used was the 
sense (upper) strand of fragment C end-labelled with 
Y 32 P-ATP and T4 polynucleotide kinase (34). By this method 
about l.OxlO 3 colonies were tested. Three were found which 

35 did not hybridize to the probe and were therefore presumed 
to contain plasmids in which recombination between the two 
partially homologous alkaline protease gene fragments had 
occurred. 
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EXAMPLE 5 



In another experiment enrichment of such putative 
recombinants was achieved by predigestion of a plasmid 
preparation derived from BS42BSBA transformed E. coli 294. 
The plasmid preparation was digested with a combination of 
the restriction enzymes PstI, Sail, and Xpnl prior to 
transformation of E. coli 294. 3 ng of plasmid thus 
digested gave rise to eight chloramphenicol resistant 
trans formants. These colonies were tested by the 
hybridization procedure described above for the presence of 
the nucleotide sequence contained in fragment C. Seven of 
these colonies failed to hybridize and were therefore 
presumed to contain plasmids in which recombination between 
the two partially homologous gene sequences had occurred. 
In order to test whether the negatively hybridizing col- 
onies contained plasmids which contained hybrid genes 
encoding active hybrid alkaline" proteases, these plasmids 
were isolated and transformed into B. subtilis BG2036. 
This strain produced a zone of clearing on LB skim milk 
chloramphenicol agar plates upon transformation with any of 
the plasmids postulated to contain recombined alkaline 
protease hybrid genes. In contrast the putative unre- 
combined pBS42BSBA plasmids (8 isolates tested) failed to 
confer upon strain BG2036 trans formants the ability to 
produce active alkaline protease as indicated by their 
failure to produce clearing zones on skim milk plates. 
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A » Characterization of hybrid DNA sequences contained in 
alkaline protease producing pBS42BSBA tranBformants of 
E. coli 294 . 

The assumption was made that the alkaline protease positive 
colonies arose as a result of single crossover events 
within the pBS4 2BSBA plasmid between the B. subtilis and 
B . amyloliguef aciens DNA sequences which were initiated in 
a region in which they have sequence homology. It was 
reasoned that such recombined genes would contain 5' 
sequences contributed by the B. subtilis gene and 3 f 
sequences contributed by the B. amyloliguef aciens gene. 
Early crossovers would be expected to contain larger 3 1 
sequences contributed by the B. amyloliguefaciens genes 
whereas small segments of 3' sequences of the 
B. amyloliguef aciens gene would be present in later 
crossovers. There is a unique PvuII site present in 
pBS42BSBA which occurs within the B'. amyloliguefaciens 
alkaline protease coding sequence (see Fig. 4). Crossovers 
in which the 3* region contributed by the 
B . amyloliguef aciens gene extended 5' of the PvuII site 
would result in plasmids with a unique PvuII site. 
Furthermore, this PvuII site would be located closer to the 
unique EcoRI site (located 5' of the promoter) than in 
pBS4 2BSBA plasmids which had not recombined. Putative 
hybrids 2, 6, 7, and 8 digested with EcoRI and PvuII showed 
a restriction pattern that indicated that the PvuII site 
was present. In contrast, crossovers in which the 3' 
region contributed by the B. amyloliguef aciens gene did not 
extend 5' to the PvuII site would result in plasmids 
without PvuII sites. Putative hybrids 1, 3, and 4 belong 
to this latter category as evidenced by their resistance to 
digestion with PvuII. These data indicate that early and 
late crossovers were present in the plasmids containing the 
putative hybrid alkaline protease genes. 
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B, Analysis of hybrid alkaline proteases encoded by 
hybrid alkaline protease PNA sequences . 

For preliminary characterization of the hybrid proteins 
5 produced by B. subtilis BG2036 containing plasroids encoding 
the hybrid alkaline protease genes described above, the 
Kid's were determined using a synthetic substrate. Crude 
culture supernatants were used as the source of enzyme. 
The substrate used was succinyl-Ij-ala-Ii-ala-I/-pro-L-tyr- 
10 L-para-nitroanalide. The release of the product para* 
nitroanallde was monitored coliometrically by measurement 
of absorbance at 430nm using a Hewlett-Packard Diode Array 
Spectrophotometer Model 8451A. The Km's of the parental B. 
subtilis and B. amyloliguefaciens enzymes were also 
15 determined. The results of this study are shown in 
Table 2. 



TABLE 2 



20 



Km 1 s of parental and hybrid alkaline 
proteases on the synthetic substrate 
succinyl-L-ala-L-ala-Ii-pro-L-tyr-L-para-nitroanalide 



1 



Plasmid 



Km (MxlO 5 ) 



25 



30 



pS4-5 



pS168.1 
hybrid 1 
hybrid 2 
hybrid 3 
hybrid 4 
hybrid 6 
hybrid 7 
hybrid 8 



2.38 (±.09) 

3.39 (±.15) 
5.54 (±.10) 
5.12 (±.10) 
5.42 (±.06) 
5.39 (±.11) 
2.86 (±.13) 
5.42 (±.12) 
2.75 (±.08) 



host cell in all cases was B. subtilis BG2036. 
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20 



25 
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It is evident that the hybrid enzymes fall into two basic 
classes. The first class, represented by hybrids 1,2,3,4 
and 7 has Km's that are somewhat greater than that of 
either parental enzyme. The second class, represented by 
hybrids 6 and 8 has Kin's that are intermediate between 
those of the parents. 

These results show that the hybrid alkaline proteases have 
varying Km 1 s for a particular synthetic substrate and that 
these differ from those of the parental enzymes. It is 
expected that determination of Kn^s using other synthetic 
substrates would also give a range of results and might 
also show varying favored substrates for the various hybrid 
enzymes. 

EXAMPLE 7 

In another preferred embodiment plasmids containing hybrid 
alpha amylase DNA sequences are selected by the post 
recombination transcription a tetracycline resistance 
determinant following excision of a transcription termina- 
tor as a result of homologous recombination between two 
parental alpha amylase DNA sequences. 



A functional promoter is operably linked to 
B. licheniformis alpha amylase DNA sequences. A 
transcriptional terminator is placed 3' to this gene and 5* 
to DNA sequences encoding B . stearothermophilus alpha 

30 amylase. A tetracycline resistance gene lacking its own 
promoter is placed just 3 1 to the B . stearothermophilus DNA 
sequence. Cells containing a plasmid with these charac- 
teristics would be sensitive to tetracycline because 
transcriptional read-through from the upstream active 

35 promoter is prevented by the transcription terminator. 

However if recombination between the two alpha amylase DNA 
sequences occurs the terminator will be excised thus 
allowing transcription of the tetracycline resistance gene. 
Cells containing plasmids in which this homologous 
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recombination haB occurred can be selected by resistance to 
tetracycline thus eliminating all background from unre- 
combined plasmids. This method is completely applicable 
for recombining- any two homologous gene fragments. 

5 

In order to use this method for selection of recombinant 
alpha amylase genes derived from the parental genes of 
B . licheniformis and B. stearothermophilus a plasmid is 
constructed as shown in Figure 8. Plasmid pBS42BL which 

10 contains the complete B. licheniformis alpha amylase gene 
is cleaved with EcoRI and Hindlll. The smaller fragment 
(fragment A) is isolated. Plasmid pUC13 is cleaved the 
EcoRI and PstI and the larger fragment (fragment C) is 
isolated. Two synthetic oligonucleotides are synthesized 

15 and then heated to 95°C and cooled to 23 °C to allow 

annealing. The resulting fragment (fragment B) contains 
the E. coli trp transcription terminator (boxed) flanked on 
the 5' end by a Hindlll site and on the 3 B end by Sal I, 
Pvul, and PstI sites. Fragments A, B, and C are joined by 

20 ligation and used to transform E. coli 294. Ampicillin 
resistant colonies contain the plasmid designated pUC13BL. 
This plasmid is digested completely with Sail and partially 
with Pvul. Fragment D is isolated. Plasmid pUC13BS is 
cleaved with TagI and BstXI and the fragment (fragment E) 

25 is isolated. The same plasmid is cleaved with BstXI- and 
Pvul and the smaller fragment (fragment F) is isolated. 
Fragments r D, E, and F are joined by ligation and used to 
transform E. coli 294. Ampicillin resistant transformants 
contain plasmid pUC13BLBS. This plasmid contains the 

30 entire B. licheniformis alpha amylase gene including its 
native promoter followed by the E. coli transcription 
terminator which is then followed by the coding sequence of 
the B . stearothermophilus gene which is complete except for 
the first eight codons. Plasmid pUC13BLBS is then cleaved 

35 with EcoRI and BstXI and the smaller fragment (fragment G) 
isolated. This plasmid is also cleaved with BstXI and 
Hindlll and the fragment H isolated. The plasmid pBR322 is 
cleaved with EcoRI and Hindlll and the larger vector 
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fragment (fragmentl) isolated. Fragments G, H, and I are 
.joined by ligation and transformed into E. coli 294. 
Ampicillin resistant transformants contain plasmid 
PBR322BLBSTCS. This plasmid differs most significantly 
5 from pUC13BLBS by the fusion of the coding region and 

ribosome binding site of the tetracycline resistance gene 
to the 3* end of the B . stearothermophilus alpha amylase 
coding region • 

10 The replication of pBR322BSBLTCS in rec A positive B. coli 
294 results in the excision of the transcription terminator 
by homologous recombination between the two alpha amylase 
DNA sequences. Expression of this recombinant plasmid 
results in transcription from the B. licheniformis alpha 

15 amylase gene promoter through the hybrid alpha amylase gene 
into the tetracycline resistance gene resulting in a 
polycistronic mRNA which is translated to give both the 
hybrid alpha amylase and the tetracycline resistance 
protein. Thus transformants containing such recombined 

20 plasmids can be selected by retransformation and selection 
on I*B agar plates containing 5ug/ml tetracycline. 

Although the foregoing refers to particular preferred 
embodiments, it will be understood that the present in- 
25 vention is not so limited. It will occur to those ordi- 
narily skilled in the art that various modifications may be 
made to the disclosed embodiments and that such modifica- 
tions are intended to be within the scope of the present 
invention. 

30 

The references grouped in the following bibliography and 
respectively cited parenthetically by number in the forego- 
ing text, are hereby incorporated by reference. 
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1 . A process for producing a hybrid DNA sequence 
comprising t 



S 



forming a circular vector comprising a replicable 



DNA sequence, a first DNA sequence encoding the 



amino- terminal portion of a hybrid polypeptide, a 
second DNA sequence encoding the carboxy-terminal 



portion of a hybrid polypeptide and a third DNA 
10 seguence between said first and said second DNA 

sequences, said third DNA sequence comprising at least 

one unique restriction site; 

transforming a rec positive first microorganism 

with said vector to produce a cell population 
15 containing a multiplicity of said circular vector and 

permitting cross-over recombination of at least one of 

said vectors to excise said third DNA sequence to form 

a recombined circular vector having a hybrid DNA 

sequence comprising said first and said second DNA 
20 sequences encoding said hybrid polypeptide; 

isolating said circular vector and said 

recombined circular vector from said cell population; 
treating said isolated circular vector and 

recombined circular vector with a restriction 
25 endonuclease specific for said one unique restriction 

site in said third DNA sequence to linearize said 

circular vector; and 

exposing a second microorganism to said 

linearized vector and said recombined circular vector 
30 and transforming said second microorganism with said 

recombined circular vector. 
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2. A process as claimed In claim l wherein the 
hybrid DNA sequence encodes a hybrid enzyme. 

3. A process as claimed in claim 2 wherein the 
5 hybrid enzyme is a hybrid amylase. 

A process as claimed in claim 2 wherein the 
hybrid enzyme is a hybrid protease. 

10 5. A process as claimed in any one of the preceding 
claims further comprising the step of identifying the 
second microorganism which is transformed with the 
recombined vector by detecting the absence of the 
third DNA sequence. 

6. A process for producing a hybrid DNA sequence 
comprising: 

15 forming circular vector comprising a replicable 

DNA seguence, a first DNA sequence comprising a 
functional promoter operably linked to sequences 
encoding the amino- terminal portion of a hybrid 
polypeptide corresponding to a first part of a first 
20 parental polypeptide sequence, a second DNA sequence 
encoding the carboxy-terminal portion of said hybrid 
polypeptide corresponding to a first part of a second 
parental polypeptide sequence and a third DNA sequence 
between said first and said second DNA seguence, said 
25 third DNA sequence encoding a second part of said 

first parental polypeptide sequence and a second part 
of said second parental polypeptide sequence; 

transforming a rec positive microorganism with 
said circular vector to produce a cell population 
containing a multiplicity of said circular vector and 
permitting crossover recombination of at least one of 
said circular vectors to excise said third DNA 
sequence to form a recombined circular vector having a 
hybrid DNA sequence comprising said first and said 
second DNA sequences encoding said hybrid polypeptide > 
and 



30 



35 
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identifying trantf ormanti containing said 
re combined circular vector by detecting expression of 
said hybrid DNA sequence* 

7. A process as claimed in claim 6 wherein the 
5 hybrid DNA sequence encodes a hybrid enzyme. 

8. A process as claimed in claim 7 wherein the 
hybrid enzyme is a hybrid amylase. 

lO 9. A process as claimed in claim 7 wherein the 
hybrid enzyme is a hybrid protease. 

10. A process as .claimed in claim 6 wherein said first 
parental polypeptide sequence is all or part of the 
alpha amylase of B . stearothermophilus , said first 

15 part of said first parental polypeptide sequence is 
all or part of an amino-terminal portion of said B. 
stearothermophilus alpha amylase , said second parental 
polypeptide sequence is the alpha amylase of B. 
1 ichen i formi s and said first part of said second 

20 parental polypeptide sequence is a car boxy -terminal 
portion of said B. licheniformis alpha amylase* 

11. A process as claimed in claim 6 wherein said first 
parental polypeptide sequence is all or part of the 

25 alkaline protease of B. subtilis , said first part of 
said first parental polypeptide sequence is an 
amino-terminal portion of said B. subtilis alkaline 
protease, said second parental polypeptide sequence is 
all or part of the alkaline protease of B. 

30 amyloliquefaciens and said first part of said second 
parental polypeptide sequence is a car boxy- terminal 
portion of said B. amyloliquefaciens alkaline 
protease. 
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12. A hybrid amylase comprising an amino-terminal 
sequence derived from a first parental amylase and a 
carboxy-terminal sequence derived from a second 
parental amylase, wherein said amino-terminal and said 

5 carboxy-terminal sequences are joined in a region 
wherein the underlying DNA does not contain a 
restriction endonuclease site, 

13. A hybrid protease comprising an amino-terminal 
10 sequence derived from a first parental protease and a 

carboxy-terminal sequence derived from a second 
parental protease, wherein said amino-terminal and 
said carboxy-terminal sequences are joined in a region 
wherein the underlying DNA does not contain a 
15 restriction endonuclease site. 

14. A hybrid alpha amylase comprising an amino- 
terminal sequence derived from the alpha amylase of B. 
stearothermophilus and a carboxy-terminal sequence 
derived from the alpha amylase bffi. licheniformis . 
wherein said amino-terminal and carboxy-terminal 
sequences are joined in a region wherein the 
underlying DNA does not contain a restriction 
endonuclease site. 

25 15. A hybrid alkaline protease comprising an 

amino-terminal sequence derived from the alkaline 
protease of B. subtilis and a carboxy-terminal 
sequence derived from the alkaline protease of B. 
amyloliq/uefaciens , wherein said amino-terminal Ind 

30 carboxy-terminal sequences are joined in a region 
wherein the underlying DNA does not contain a 
restriction endonuclease site. 



20 
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16. A vector comprising a replicable DNA sequence, a 
first DNA sequence encoding the amino-terminal portio: 
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of a hybrid polypeptide corresponding to a first part 
of a first parental polypeptide sequence, a second DNA 
sequence encoding the carboxy-terminal portion of said 
hybrid polypeptide corresponding to a first part of a 
second parental polypeptide sequence and a third DNA 
sequence between said first and said second DNA 
sequence, said third DNA sequence encoding a second 
part of said first parental polypeptide sequence and a 
second part of said second parental polypeptide 
sequence wherein said vector is capable of crossover 
excision of said third DNA sequence. 

17. A vector comprising a replicable DNA sequence, a 
first DNA sequence encoding the amino- terminal portion 
of a hybrid polypeptide, a second DNA sequence 
encoding the carboxy-terminal portion of a hybrid 
polypeptide and a third DNA sequence between said 
first and said second DNA sequences, said third DNA 
sequence comprising at least one unique restriction 
site wherein said vector is capable of crossover 
excision of said third DNA sequence. 

18. A vector comprising a replicable DNA sequence, a 
first DNA sequence encoding the amino-terminal portion 
of a hybrid polypeptide, a second DNA sequence 
encoding the carboxy-terminal portion of a hybrid 
polypeptide and a third DNA sequence between said 
first and said second DNA sequences, said third DNA 
sequence comprising a DNA sequence which prevents 
expression of said second DNA sequence wherein said 
vector is capable of crossover excision of said third 
DNA sequence. 

19. A vector comprising a replicable DNA sequence, a 
first DNA sequence encoding the amino- terminal portion 
of a hybrid polypeptide, a second DNA sequence 
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encoding the car boxy- terminal portion of a hybrid 
polypeptide, a third DNA sequence between said first 
and said second DNA sequences, said third DNA sequence 
comprising a DNA sequence which prevents the 
5 expression of said second DNA sequence and a fourth 
DNA sequence 3 1 to said second DNA sequence, said 
fourth DNA sequence encoding a defined selection 
characteristic wherein said vector is capable of 
crossover excision of said third DNA sequence. 
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CLAIMS FOR AUSTRIA: 

1* A process for producing a hybrid DNA sequence 
comprising: 

5 forming a circular vector comprising a replicable 

DNA sequence, a first DNA sequence encoding the 
amino-terminal portion of a hybrid polypeptide, a 
second DNA sequence encoding the carboxy-terminal 
portion of a hybrid polypeptide and a third DNA 

10 sequence between said first and said second DNA 

sequences, said third DNA sequence comprising at least 
one unique restriction site; 

transforming a rec positive first, microorganism 
with said vector to produce a cell population 

15 containing a multiplicity of said circular vector and 
permitting cross-over recombination of at least one of 
said vectors to excise said third DNA sequence to form 
a recombined circular vector having a hybrid DNA 
sequence comprising said first and said second DNA 

20 sequences encoding said hybrid polypeptide; 

isolating said circular vector and said 
recombined circular vector from said cell population; 

treating said isolated circular vector and 
recombined circular vector with a restriction 

25 endonuclease specific for said one unique restriction 
site in said third DNA sequence to linearize said 
circular vector; and 

exposing a second microorganism to said 
linearized vector and said recombined circular vector 

30 and transforming said second microorganism with said 
recombined circular vector. 
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2. A process as claimed in claim 1 wherein the 
hybrid DNA sequence encodes a hybrid enzyme. 

3. A process as claimed in claim 2 wherein the 
5 hybrid enzyme is a hybrid amylase, 

4. A process as claimed in claim 2 wherein the-_ 
hybrid enzyme is a hybrid protease. 

10 5. A process as claimed in any one of the preceding 
claims further comprising the step of identifying the 
second microorganism which is transformed with the 
recombined vector by detecting the absence of the 
third DNA sequence. 

6 . A process for producing a hybrid DNA sequence 
comprising: 

15 forming circular vector comprising a replicable 

DNA sequence, a first DNA sequence comprising a 
functional promoter operably linked to sequences 
encoding the amino- terminal portion of a hybrid 
polypeptide corresponding to a first part of a first 

20 parental polypeptide sequence, a second DNA sequence 
encoding the carboxy-terminal portion of said hybrid 
polypeptide corresponding to a first part of a second 
parental polypeptide sequence and a third DNA sequence 
between said first and said second DNA sequence, said 

25 third DNA sequence encoding a second part of said 

first parental polypeptide sequence and a second part 
of said second parental polypeptide sequence; 

transforming a rec positive microorganism with 
said circular vector to produce a cell population 

30 containing a multiplicity of said circular vector and 
permitting crossover recombination of at least one of 
said circular vectors to excise said third DNA 
sequence to form a recombined circular vector having a 
hybrid DNA sequence comprising said first and said 

35 second DNA sequences encoding said hybrid polypeptide; 
and 
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identifying trans formants containing said 
recombined circular vector by detecting expression of 
said hybrid DNA sequence. 

7. A process as claimed in claim 6 wherein the 
5 hybrid DNA sequence encodes a hybrid enzyme. 

8. A process as claimed in claim 7 wherein the 
hybrid enzyme is a hybrid amylase. 

10 9. A process as claimed in claim 7 wherein the 
hybrid enzyme is a hybrid protease. 

10. A process as .claimed in claim 6 wherein said first 
parental polypeptide sequence is all or part of the 
alpha amylase of B. s tearothermophilus , said first 

15 part of said first parental polypeptide sequence is 
all or part of an amino-terminal portion of said B. 
s tearothermophilus alpha amylase , said second parental 
polypeptide sequence is the alpha amylase of B. 
licheni formis and said first part of said second 

20 parental polypeptide sequence is a carboxy- terminal 
portion of said B. licheniformis alpha amylase. 

11. A process as claimed in claim 6 wherein said first 
parental polypeptide sequence is all or part of the 

25 alkaline protease of B. subtilis , said first part of 
said first parental polypeptide sequence is an 
amino-terminal portion of said B. subtilis alkaline 
protease, said second parental polypeptide sequence is 
all or part of the alkaline protease of B. 

30 amyloliquefaciens and said first part of said second 
parental polypeptide sequence is a carboxy-terminal 
portion of said B. amyloliquefaciens alkaline 
protease. 
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probe 8 

1DQ] ItlD 1B70 IHC 1M& IKC ) 1*0 1070 IMO Wu 1IQC 
til ni)g»f IDCJ 1!RlRriEmttRfl«!C6£fiGKrGT*m^ 
tit lie* |m «3 lO»KlKAlttKIICttWWGtOBrift^^ 

nrtwwi 1101 --ll-CIK*1CHHII--6GS-66»--t-1IAllllSK-a-II— IBRC—K-K-t M»-ttfi -C-fil-IMI-SI-Sfil 

hybrids F,G 

1101 1110 1170 J 1130 1110 1150 1110 1170 1110 11)0 12K 
tis wlgw HOI fiAICRIMrKCSARTttBEttRfiiftt^ 

tit hch pent loes Rfl:rfliGRifltRr«s:t6S6SCft^^^ 

mrnsvs 1101 RR-CRI&R-KHItC-tt-ttt-CEClHaiC— 
probe 9 

1201 ) 1210 1220 1230 1210 1250 1210 1770 1200 U% 13~ 

tis «3g"* 1201 CGIErBUllHRH^ ERrtRHRlEGCRIltt — MRM-RIflA* fittCCU[RC-!6flfi5?j:Riifi«i:E6fiItC6;UClK:K:E::: 

fts lirh grnr 11B3 CKaeGiniC1flC6&66MHHGIRtG6Gfl:6flB^ 

ttmtnsw 1201 C — BH1-1R-G6 W -RHR-W-fi B-B-l — B-C M1KK— IBRR'"CRftRfil-iKKOH-R«KD-6- 

1301 1310 1320 1330 1 310 1350 1360 1370 13BG 139C MX 
m.arig'nt 13n'ttfiEfiUMKIimGS0Wira^ 
tsiJichfifne 1283 SfiKWftlGttlKftll^ 

nmmut 1301 fi — fi-tfilBC-lfi-66Ji-C-Cfl-CRlMTIfiI-l-«-CftC — ERIfll— lC6B-lKBIWi5£fia56K6— BC tt— K-K-IEE 

HOI 1110 ' 1120 1130 1110 1150 1110 1170 HOC UK 1S0C 
t» n:3g«* 1101 KKVlGfiltflCtERlSEfiCfGSSREGtt-ECRIK:^ 

t» luh gr»t 1383 CG£CfinRfilfifiCRoftr6£fiCCCGBTG — KCMR&C6RfiI6lfllSlCCGCC££CRiW^ErSlB*i5RCfiTt5r--fllfcRCfiTlflIC€&fi-nrConC6 
cmensus HOI C-5CR-l-Rl-K-Bfi-B6-CC-£6-6 — KWtf-Efi-EIR-GI-EK— Cftfi-RCGC-W-R-16 — MfillMIUttHKSi 

1501 1510 1S7D 1530 1510 1550 15E0 1570 156C 155u HOC 
t» m3g»Y 1501 ERrfitf6ICftCCfllCftflLHBltRIESFiIc£5DG&flBnCflRfluirRFn D0C6BI U6S11I C6&TnS£&llCCIfi&finfl?iftC6fi:c6i [iCIfu 1 fi'Ct 
t1s.hch.9ene 11B3 BRHC6GnBlCflICRfillKGftfi55:i6SM^^^ 

eewnsus 1501 EM-SI— CRKflfi — SB-K-T666-6 — IKfi-El-flR-tECBMCBSinC-in-Sm-BSfi-fi 



iBOl IBID 1620 1630 IMO USO 1EE0 1E70 USD USD 170G 
tis nhtv 1601 CllEECC5R1CRrRRCCCfiR:C£15ERriG51GRRnCSKCGUeER:CERR:Cf)C6ElISEtEGr()16GCCnfiR 
ewuensui HO! 1 « 



nz3 15 B. slearot hermaphj lus 
Jich is B . 1 1 chenj f orrvj 3 
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probe 1 ^ 

Tl gcAACCCAAACCGTCC^ ATGCAACATTTGATTAACCCCGAACCCCATT 

CGTACTTGTTAAAAATTCGGAATATTTATACAATATCATATCTTTCACAT 

hybrid 2 ^ 

1 JD 70 3D 1u SO 60 70 10 « \ )DG 
mi ftr*t"" 1 KlGCfaitreiI1CAr(Btfl1CH11Cff^A^i«FSfC11CClCriC&CCff IIEGC1CACTCCC-- 
ris hch gf«t 'J? «I6HWrftftffifiM?«*0GCnifiC--6tCC6RnttIWCCUIIBIl)6CKTCRICI!Cna 

cansnsus I fil-li-r-ll-ftB — 6B-T-1-C— 6C-C6--I— 15-C-C--I EKI-KK-S W-t-K—" 1 

hybrid I bV 5 rld 3 h * brid 4 P«be 2 

MOl / 110 170 130 / HO ISO UP ) 170 160 1)0 700 

fit riipnt ioi g^EitKRtc6mmscRraff^ 

ms lirK 9 tne S3 f$±&:^']WRK1IWU6&6flC6^ 

eansmus 101 -££-6t-6C^-^18R-6^M--l6fl7£CKW^ fl-I&6fl I6--C~M-Efl"t-«l 

201 210 720 230 240 250 260 270 7S0 7» 300 
ms nz3fffnp 201 RRMIfiltrR6t-ni6SrRU8tt6Cltni6tt1KC5C^^ 

tn lich.grnt 183 0181 I16KI6Rfi£RtKTIH IHC T6CCCK1E6R1 lCCCCC66Cft!fi1IU!&66RAt6IM;CCi»~GC€G»T6TKaTKSef Snift£6^CniKlfi 
cmsmsus 201 fi---l!~C-S--C-6E-Rl-IIC-K--l-lB6-l-CC-CC-8f-lRIflfl-ESfiar-fi£CC — K5-fi-SI-K-lBC6S-t-lfiUR:-?-THI6 
probe 3 hybrides 6,7,8 

3 01 1 310 320 A 330 3,0 35Q 360 370 380 390 100 
rss n:3c?ne 301 nUUEr.C6fWUfcg K^afi^^ 
est hth gri* 2B3 Rim&$E£KlUl|lCftflRfl^fl^ 

MMMsi-s 301 R—l -66'ER-l I— WCflfiBaflSKflC-Sl -CG-RCRRR- 1 K66*RCflfiafl& — 8 — t BC-fil-Cfl— R5-C — C~C£6C— fl-f- 

probe 4 

101 110 120 130 H0 1S0 } 160 170 180 150 SOD 

MS i»i3jtnf 101 tRfiSIHRCStCWEICSlCntfiRCrfilflftflKK^^^ 
ms heh.gtnt 3S3 -KGinRtGGSEfilElEEKR^RflZCfirRRRBGIEGtG™^ 

consensus 101 -f»-B!-lfiC6--£fiTBI-61--IC-KCIl-HRfl£Ct6ECEC-5R-e--fiC-fifiA — CT — KC-61-fiRfi5TC-flia— C-6flCCSCfiSCC— MW 

hybrid 9 % 

S01 510 S70 530 510 550 560 570 5BD _590y S0& 
ns M3gew 501 KKKEtfiCCIRlCfMlCCfiRKft^^ 
Mi lich gtne 183 1WRG6RSRBCR£ClRflnRRR&mSE^^^^ 

conwnsut 501 I-IC-Bfi R-MBl--RRBC-166RC»Mn-flmi— £E£C&-€GCe-CAC-1RC«C — 1 1 1 AA- 1 (&C— 1 til RCCIUI UKSS 

probe 5 hybrid 11 

601 ) IIP 620 630 610 650 660 670 680 610 700 

ms niigene 601 CEU&RriSGlfr SmEITORMnR^^ 

ms lich grnt 563 RRa6RU6&BRC6RCltCC6RRR£C16RR[C6rRUlRTRR6ITICRR6 6RRAg6tll666R!16S6MSnUCfiRl6llARfL'6G^R:tR 

wwnsw 601 — Cfl-1666ft£5fl — CCfiflJW-7-fl-CCCrHl-Ifl-fifllI-C— « BW-EH66EAHB6GRRG1 — W—SfiflfifCEE-AKIl 

hybrid 5 probe 6 
701 710 770 730 710 ] _ TSO \ 760 770 780 790 100 
MS tt3grr* 70fl6ltlRnififll6Tfi!6CtE8CCU6fllRM6GRItftI^ 
MS.hch.vcne 6S3JjgiRin6ftl6t!t6U6RttlC6Rmi-6fiU^^ 

CMsrnws 701 f6RMRMl-IU-^CttCM-Ml-H*CfilCC-BR-BlC6^Sfl--bBRHJ"1665S-R»16«« 
hybrids D,E 

•01 110 \ 120 130 110 150 160 170 KO |90 KtO 
mmVnr 101 «l666nCC6fir6fll6ft6ICR^CRIRHMSnCR6nnUlCC16R! 1661 161 C6TAT67SCBTTCI CRBAt I CBCItASCCBC t H n I A£CC I 
MS llth pne 783 RtG6imKt"3*J61UICRjCfiCMII^^ 

ttutosus 101 R-«-nCCHllWlKU!Cftf-Cfl^r.M-lI— llllll-C-fifillEfi-l 8I61»5«CHI-K-66.tt6 — MUfit-61 

probe 7 

*rt H O ffl I 130 m ISO 960 170 180 «0 1000 
ns it3ef<* VI C6666MU1l ^l«!6RC»ltWtN "6C«MUW^^ 
«s llefc gtr* mi KC16»IAHE6Cfl&ttl&RtU56KEC6Cl6^ 

mmmus 101 -6-6W1M166 — II6K-T-»C»6-U-M«-lR"H|«iMfl£ M fl — | — ?-lC«I6UIM-S»a6-l-tt-«»«-ll 

FIG. — 2A 
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